To evaluate the association between the frequency of visits and glycated hemoglobin (GHb) measurements on glycemic control in youth with type 1 diabetes.
Despite the perceived value of routinely monitoring GHb, the importance of GHb testing at regular intervals has not been well described in youth and has been documented in only one adult study (10) . Studies in adults have demonstrated the important role of frequent visits in achieving glycemic control (11, 12) , a finding supported by one study in youth with type 1 diabetes that found improved glycemic control in those who had three or four visits per year compared with those who had only one or two (13) . The frequency of visits and GHb testing is determined by provider preference but can also be influenced by patient treatment adherence, with higher rates of nonadherence described in patients of lower socioeconomic status, singleparent households, and minority race (13) (14) (15) .
Determination of the optimal number of visits and GHb testing in youth with type 1 diabetes to optimize glycemic control may inform the practice of costeffective medicine. Furthermore, adoption of different management schedules may be more effective for patient subgroups according to baseline characteristics. In the present study, we examined the relationship between frequency of visits and GHb testing on glycemic control in youth with type 1 diabetes.
RESEARCH DESIGN AND METHODS
The dataset from a retrospective cohort study was extracted from the electronic medical record (EMR). This longitudinal study used deidentified records extending from July 2008 to June 2011 and was approved by the Nemours Institutional Review Board.
Patients were included in the study if they were seen at any of five Nemours pediatric endocrinology clinics (Jacksonville, Orlando, and Pensacola, FL; Philadelphia, PA; and Wilmington, DE) during the first two fiscal quarters of 2008 and had a previous diagnosis of type 1 diabetes identified on their problem list. Scheduled visits with an endocrinology provider (visit) were recorded in and extracted from the EMR. No routine scheduling protocols were used at any of the practices. Patients were excluded from the study if they had only one visit, had a single GHb test, or were followed for ,1 year. Demographics, including age, sex, race, practice location, and insurance status, were obtained from the EMR.
GHb Measurement
GHb measurements were obtained at the discretion of the provider. Each site was internally consistent, using the same device to provide a point of care (POC) GHb assay. The same type of POC GHb device (Siemens DCA Vantage Analyzer) was used at all sites. The detection range with this device for the GHb assay is 2.5-14% (4-130 mmol/ mol), with a reference range of 4.4-6.4% (25-46 mmol/mol). GHb values .14% were unable to be quantified and, thus, were coded as 14% in the dataset. The standard operating procedure at each site was to collect blood samples for POC testing at the time of the office visit, but GHb from external laboratory specimens were also included if available. The DCA Vantage Analyzer has acceptable precision (16) .
Statistical Analysis
The number of visits and GHb tests per year were calculated and served as the primary independent variables. The number of fiscal quarters in a year with visits and GHb tests obtained were calculated and served as secondary independent variables. We used a mixed-effects model (17) to characterize the individual-and population-level changes in GHb over time and with visit frequency. Change from baseline GHb was used as the response variable, and patient demographic variables, baseline GHb, and time from study entry were used as fixed-effects variables in the model. The intercept and visit frequencies were used as random effects in the model to capture the pattern of individual-level changes in GHb over visit frequencies. A hierarchical cluster analysis of random effects (17, 18) was performed to group patients by homogeneous patterns of glycemic control. The cluster analysis identified the following three distinct and significantly different group patterns of change in GHb per year (P , 0.001): a relative increase (worsened glycemic control), no change (stable glycemic control), or a decrease (improved glycemic control) in GHb over the study period. Study variables, including demographics, baseline characteristics, and the independent variables of visit and GHb testing frequency, were compared among the three groups.
Quantitative variables are presented as mean (SD). Categorical variables are presented as frequencies and percentages. Multivariable multinomial logistic regression analyses were performed to explore the association of study variables with glycemic control groups. The adjusted odds ratios (ORs) with P values are presented in the text, with CIs also presented in the tables. Model assumptions were verified before analyses. All tests were two tailed at the 0.05 level of significance. SAS (SAS Institute, Cary, NC) and SPSS (IBM Corporation, Chicago, IL) statistical software programs were used for the analyses.
RESULTS

Categorization of Patients on the Basis of Change in GHb
Mean GHb in the cohort remained relatively stable over the study period, increasing slightly from 8.3% (SD 1.5%) (67 mmol/mol) during the initial year of study to 8.5% (1.4%) (69 mmol/mol) during the last year of study. Table 1 shows the GHb trends over the study period for the three groups of glycemic control generated by the hierarchical cluster analysis: worsened (n = 237), stable (n = 842), and improved (n = 370).
Patient Characteristics
There were 1,449 patients included in the study ( Table 2 ). The mean age was 11.4 (SD 3.3) years. There were an equal proportion of males and females. The majority of patients were Caucasian (74%) and had commercial insurance (67%). Patients who were African American (OR 1.78, P , 0.01), had Medicaid insurance (1.51, P , 0.01), or were older (F = 1.11, P , 0.001) were more likely to have worsened glycemic control ( Table 2) . Patients with higher baseline GHb were more likely to have improved glycemic control (F = 1.43, P , 0.001).
Relationship Between Glycemic Control and Office Visit Frequency
On average, patients had 3.2 (SD 1.1, range 1-11) visits per year and 2.9 (0.7) fiscal quarters with visits per year. Table 3 compares groups on the basis of visit frequency, with the reference group being patients with one visit or one fiscal quarter with visits per year and adjusting for demographic and baseline characteristics. Patients with four visits per year (OR 0.36, P , 0.05) or quarterly visits (0.33, P , 0.05) were least likely to have worsened glycemic control. Patients with quarterly visits were also most likely to have improved glycemic control (3.48, P , 0.01). In multivariable regression analysis, race (P , 0.005), insurance status (P , 0.01), and initial age (P , 0.05) had significant effects on visit frequency.
Relationship Between Glycemic Control and Frequency of GHb Testing
On average, patients had 3.0 (SD 1.0, range 1-10) GHb tests per year and 2.8 (0.7) fiscal quarters in a year with a GHb test. Table 3 
In multivariable regression analysis, race (P , 0.01), insurance status (P , 0.05), and initial age (P , 0.05) had significant effects on frequency of GHb testing.
Characterization of Patients With More Than Five Office Visits per Year
A small percentage (7.9%) of patients had five or more visits per year (mean 5.7 [SD 1.3], range 5-11). These patients were more likely to have a higher baseline GHb (F = 1.15, P , 0.05), have Medicaid (OR 2.13, P , 0.001), or be non-Hispanic (2.94, P , 0.05) and were less likely to have improved glycemic control (0.31, P , 0.001). Data are mean (SD) or n (%) unless otherwise indicated. *P , 0.05. **P , 0.01. ***P , 0.001. †Compared with groups with stable or improved glycemic control. ‡Controlling for remainder of patient characteristics. §Compared with group with stable or worsened glycemic control.
CONCLUSIONS
Consistent with prior studies (14, 15) , this longitudinal cohort study of 1,449 youth with type 1 diabetes supports the importance of routine visits and GHb testing in this population. The findings suggest that quarterly visits and GHb monitoring may prevent worsening glycemic control in youth with type 1 diabetes. These findings were present even when adjusting for factors known to affect glycemic control and treatment adherence, including race, insurance status, age, and baseline GHb. It is likely that patients with less frequent visits or GHb testing may miss opportunities to receive education, support, and changes to treatment regimens to promote glycemic control (11, 19) .
Patients with worsened glycemic control over the study period had lower baseline GHb than patients with stable and improved glycemic control. Although this may represent a regression of GHb values to the mean, the associations between visit and laboratory frequency with glycemic control were significant even after adjusting for baseline GHb. We also found that patients of African American race, with Medicaid, or of older age were more likely to have worsened glycemic control, findings consistent with other studies (13) (14) (15) (19) (20) (21) (22) . These subgroups had fewer visits and GHb tests, which may explain their increased likelihood for worsened glycemic control.
A subgroup of patients required more than four visits a year and demonstrated worsened glycemic control. It is likely that these patients represent a need for more frequent follow-up and monitoring because of their poor glycemic control, as demonstrated by their higher baseline GHb. Of note, these patients were more likely to have Medicaid, which may be a proxy for low socioeconomic status and has been associated with poor glycemic control in prior studies (13) (14) (15) 20, 21) .
Because this was a retrospective study using primarily administrative data and laboratory results previously recorded in our EMR, several limitations should be noted. Data are n (%) unless otherwise indicated. *P , 0.05. **P , 0.01. †Compared with group with stable or improved glycemic control. ‡Controlling for age, sex, race, insurance status, and baseline GHb. §Compared with group with stable or worsened glycemic control. ||OR also controlling for absolute number of visits per year. ¶OR also controlling for absolute number of GHb tests per year.
